In previous studies on young men it was found that definite changes in the electrocardiogram are produced by an ordinary meal. This work has been extended with a larger series of older men and women. In general, the results confirm the previous studies but an age trend was found in sc)me items. The combined material allowed an analysis of the correlations between the changes in the various items of measurement and more detailed consideration of the physiologic mechanisms involved. Normal fiducial limits for the changes induced by a meal were calculated to provide a basis of discrimination between normal and abnormal responses. IN NORMAL young men an ordinary meal produces statistically significant changes in various electrocardiographic items. In some cardiac patients the changes in the electrocardiogram induced by a meal were even more striking than in normal men' and it seemed possible that a useful functional test might be developed by utilizing a meal as a simple "stress." For this purpose, normal standards, properly defined statistically, would be essential. It was doubtful, whether the data on the 12 normal young men previously studied' would be adequate for this experiment, not only because of the small number of individuals, but more particularly because of the restricted age range represented. The majority of patientswith whom it might be desirable to employ such a test are in the age range of 40 years or older and proper normal standards for them must be obtained from a reference group of comparable age. This requirement is underscored by our recent experience with 500 "normal" men4 in whom very definite age trends emerged from quantitative analysis of basal (without meal) electrocardiograms.4a SUBJECTS The miiain experimental group consisted of 42 men, mostly "white collar" workers between the . ages of 45 and 55 years. They were without significant medical complaints and were selected from a larger group4 as being fully normal on the basis of a thorough clinical examination, including electrocardiography and radiography. As criteria for the normal limits of the electrocardiogram the data of Katz and associates were used; these differ but slightly from the normal limits given in various standard texts on electrocardiography. In addition we used the recent data of Sokolow and Lyon6 as criterion for abnormally high voltage.
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Identical studies were made on 12 women between the ages of 39 and 59 years. These women likewise were without significant medical complaints and were judged to be "normal" on the basis of the history and a routine electrocardiographic examination.
EXPERIMENTAL PROCEDURE
The pre-meal electrocardiograms were taken in the morning, about one hour after the subjects had arrived in the laboratory without breakfast, and after fifteen to twenty minutes of supine rest. A second series of electrocardiograms was taken fifteen to thirty minutes (including a few minutes of supine rest) after a lunch of 1260 calories. No smoking was allowed. The three standard leads, V1, V2, V4, and CF4 were taken before and after the meal. The spots for the chest leads were marked with a skin marking pencil to eliminate variability in the position of the electrode before and after the meal.
A total of 36 electrocardiographic items was measured. As a criterion of arrhythmia the difference between the smallest and largest R-R interval (A Max.-Min. R-R) in a given record was used. The average heart rate was calculated from 10 beats, and the average Q-T interval from 5 beats, usually in Lead II. The value of KQT was calculated as the quotient of the average Q-T interval divided by the square root of R-R. 5 QRS and 2 T are the sum of the QRS and T deflections in the three standard leads. The limitations of this procedure are obvious, but 2 QRS and 2 T have been found to be practically useful as an index of voltage changes." 7 The QRS axis and T axis were measured by means of Dieuaide's diagram. Both Lead CF4 and Lead V4 were analyzed but the changes in them after the meal were nearly identical so only the data for V4 ale given here.
RESULTS
The more important findings in the 42 middle-aged normal men are summarized in table 1. The data for Vr2 are omitted because they added little to the information obtained with V, and V4. All potentials are given in terms of standardized mm. of amplitude (I mm. = 0.1 mv).
The majority of the items showed changes after a meal which are statistically highly significant, that is they would occur by chance alone less than once in a hundred cases (p = <0.01); the appraisal of significance here was made by applying the F test to the before and after data for each item. The only items which showed less consistent (i.e., nonsignificant) changes are Q,, Q3, and the amplitudes of R, S, and T in Lead V1.
The mean changes of the P-R interval, of the QRS interval, of the Q wave in all standard leads, of S-T1 and S-T3, of Al\1ax.-Min. R-R, KQT, QRS axis, T axis, R wave and S wave in V1 and V74, and T-V1 are comparatively small, not exceeding the intraindividual S.D.8 However, many of these changes are consistent (i.e., statistically significant).* The results confirm our previous findings on young men.' A rather consistent picture can lbe seen in normal men, such that we may speak with some confidence about a normal electrocardiographic response to a meal.
In spite of very substantial and statistically highly significant changes in various items, the postmeal electrocardiograms all remained within the generally accepted limits of normality and the same was also true for the group of younger men. This can be simply * Statistical significance expresses the consistency, but not the magnitude of changes. explained by the fact that in the collection of normal standard material the intake of meals has been ignored in the standardization of the procedure.
On the basis of the material presented in table 1 it is possible to define, quantitatively, the limits of the normal response to a meal and thereby to discern abnormality when it occurs. In table 1 are given the expected normal limits for 90 per cent and for 98 per cent of any population for which these men are a valid sample. For example, we can say that when an ordinary meal produces a rise in R2 of 4.5 mm. then the result is "possibly abnormal," since an increase as large as this would occur in only 5 per cent of a normal population. And a decrease in R2 of 1 .7 mm. could be properly labeled as "very probably abnormal," because a decline of this magnitude would be expected in only 1 per cent of the normal reference population. Wider ranges, for instance for 99.8 per cent of normal population, can be easily calculated from the means and standard deviations in table 2 .
For these purposes those items which, in normal man, are relatively unaffected by a meal may be as useful as those which normally exhibit a large change. The fact that the postmeal changes in normal men always occur within the limits usually accepted as normal may also be utilized as a criterion for an ab)normal response.
Relation between Pr.eand IPostmeal fValiues. So far, the changes produced by a meal have been discussed without reference to the characteristics of the electrocardiogram before the meal; only the absolute magnitudes of the changes have been considered. However, it is conceivable, and even probable, that the extent of the meal change should he somewhat affected by the pre-meal characteristics. Exploration by means of correlation surfaces seems to verify this supposition for at least some items. The T-wave amplitudes, for example, showed a clear correlation between the values before the meal and the changes after the meal ( fig. 1 ). It appears that the extent of the postmeal change in the QRS axis ( fig. 2) is related to the angle of the pre-meal axis up to about 50 degrees, but when the pre-meal angle was EFFECT OF ORDINARY MEAL ON ELECTROCARDIOGRAM greater than 50 degrees (up to 94 degrees), the postmeal value was nearly constant. It is Obviously, for those items in which the extent of the change produced by the meal is of interest that there was no apparent relation at any level between the angle of the T axis before the meal and the postmeal change. tistical comparison of the subgroups by means of the F test showed that for each item listed in table 2 the mean change resulting from the meal differed highly significantly for the subgroups (p = <0.01 except for R2 where p = <0.05). Table 2 shows the mean changes, S. D., and the expected normal range limits, as in table 1, but adjusted for the pre-meal level.
the values in tables 1 and 3, the total material is too small to judge whether these differences are really important. The most prominent apparent differences between the men and women are in the heart rate and in the T axis. In older men any decrease in the heart rate after a meal would be abnormal (p = <0.01). In women a decrease of 2 beats per minute would 1003 2; T EFFECT OF ORDINARY MEAL ON ELECTROCAIRDIOGRAM still be within the limits of 90 per cent of the population. For the T axis there is no significant difference between men and women in the mean change, but the postmeal variability is much larger in women. This means that very large postmeal changes in women may occur without indicating abnormality.
The Effect of Age. Our previous study on young men, though quite detailed, involved only 12 subjects. As in our present study of women, then, this means that the prediction of normal limits in a larger population must l)e somewhat questionable. However, the meal effect in the younger and the older men is closely similar and for most purposes it is probable that table 1 can be applied to both age ranges.
Changes in the QRS Conmplex and in the T Wave. There is evidence9 111 that, in general, an increasing R wave tends to decrease or invert the rr wave so that an increasing left shift of the QRS axis is usually (i.e., in the absence of other changes) associated with an increasing shift of the T wave to the right. Since the general tendency after a meal is toward an increase in R (R2 or : QRS) and a decrease in T, it might be suggested that the two changes are directly related. When, however, the individual values for the meal change in R2 are compared with the corresponding changes in T2 there is no significant correlation (r = 0.098). There was also no correlation between the changes of the QRS axis and those in the T axis. It must be concluded, then, that the change in T after the meal is not merely the result of a change in the QRS complex and it must be classified as nonphysiologic in the definitions of Ashman and Byer,' Ashman,'0 Wilson and Finch,11 and Wilson and associates.'2 It would seem that the change in T produced by a meal is probably associated with a change in the ventricular gradient.
Cause of the Right Axis Deviatiotn. The changes in the QRS axis observed after a meal may have some bearing on the causes of right axis deviation in general. In younger men' we found no significant change in the QRS axis after a meal. But, in older men, we find that a meal tends to produce a significant shift of the QRS axis to the right when the initial axis (before the meal) was below 50 degrees; with higher initial values there is essentially no change. These findings are difficult, to explain on the basis of a simple change in position caused by filling of the stomach. In any case, we are forced to conclude that if a position change is involved here it seems to operate differently in older men with relatively vertical hearts than in other older men and in all younger men.
In all subjects, basal electrocardiograms were taken in 1948 and 1949, which made it possible to compare in subjects with extreme initial values in 1948 the repeat variability of the QRS axis (between years) with the trend after a meal (in 1949) . This comparison was made on -10 subjects with a QRS axis below 26 degrees (mean 16.3 degrees ± 5.77) and on 9 subjects with a QRS axis above 70 degrees (mean 80.0 degrees ± 9.01). The mean postmeal change of the left axis group wsas +18.9 ± 14.66 and that of the right axis group was -0.67 ± 4.12. The repeat, variability of the left axis group, expressed as the standard deviation of the change between years, was ± 12.36; the comparable value for the right axis group was ± 4.47. It seems that a right QRS axis is less prone to variation than a left QRS axis, and this is true both with simple repetitions and faith meal effects.
Precision of the Estimated Normal Limits. The main purpose of the present investigation was to obtain quantitative standards for the differentiation l)etween normal and abnormal responses so as to characterize individual patients. The calculated limits of changes in 90 and in 98 per cent of a normal population are provided for this purpose, but our main experimental group of 42 men may seem rather small for comparison wAith individual patients. It is notable, however, that verky similar results were obtained wvith women and with younger men. We believe, therefore, that the normal limits for the meal effect, as given in tables 1 and 3, are rather generally applicable. SUMMAR11 RY 1. In 42 normal men, 45 to 55 years, and in 12 normal women, aged 39 to 59 years, electrocardiograms were taken in the near basal 1()04 state and again shortly after a moderate meal. Leads I, II, III, V1, V2, andlV4 and CF4 were recorded.
2. In a total of thirty-six electrocardiographic items measured an(ld of thirty items statistically evaluated, there were statistically highly significant changes after the meal in twenty items. In several items the magnitude of the changes were comparatively small, but major consistent changes were increased heart rate, increased R amplitudes, decreased T waves, and a right QRS axis shift.
3. Normal standards for these meal changes, including predicted limits for 90 per cent and for 98 per cent of the population, are provided. 4. Differences between the women, and the younger men previously studied, and the middle-aged men were not statistically important.
5. For some items the pie-meal values influence the extent of the postmeal changes and normal standards adjusted to this fact are provided for six items.
6. The causes of the changes in the T waves and in the QRS axis are briefly discussed.
